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ABSTRACT
 
In the present work, optimization of IC engine’s piston 
with different materials has been done on the model of the 
piston with actual specifications of a two wheeler vehicle. 
The modelling has been performed on CATIA V5R12 
software and further analyses have been carried out on 
ANSYS thermal analysis workbench. The expected 
outcome from this project was to find the thermal load 
that is minimum temperature and maximum heat flux over 
the surface and an attempt has been made to minimize the 
thermal load by optimizing the piston material to get some 
fruitful advantages. After analyses, it has been found the 
piston material AL 2024-T4 gives better temperature 
condition (239.29°C) but poor heat flux (0.39753 W/mm
2
) 
so this material is suggested for light or moderate vehicles 
where material AL 1100-O gives better heat flux (0.47726 
W/mm
2
) but worst temperature condition (305.65°C) so 
this material is recommended for heavy vehicles. 
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INTRODUCTION  
In the recent time automobile industry is 
growing with very rapid rate. The engine 
is one of the most important and crucial 
parts of any automobiles which are used 
for generating the power. Engine is a type 
of thermodynamics system which is 
operating between the source and the sink 
where the source temperature is mainly 
depend on the combustion of fuel while 
the sink represents the surrounding 
temperature, basically it is a 
thermodynamics system which is used for 
transmitting the power to the output shaft 
by the combustion of the fuel. Engine can 
also be defined as it is a thermal device 
which converts one form of energy into 
some another form, generally the chemical 
energy of the fuel is converted into the 
mechanical energy, where it is to be 
transmitted to the crankshaft which is the 
main output of any automobile. Ganeshan, 
2017; Mathur and Sharma, 2010; 
Heywood, 2017, the research work is 
based on the spark ignition engine and in 
spark ignition engine the combustion 
mechanism of the fuel taking place inside 
the cylinder with the help of spark plug. 
Spark is induced at the end of the 
compression stroke which ignites the fuel 
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and this intensity of the spark will 
tremendously distribute inside the cylinder 
and ignites the high pressure charge 
completely [1, 2, 3]. Similarly in the 
internal combustion engine, piston is one 
of the most crucial and important 
components of the engine. A piston is a 
reciprocating member of the engine which 
travels from top dead centre to the bottom 
dead centre and vice versa. Power 
generated inside the cylinder is transmitted 
to the crankshaft via piston which is 
connected with connecting rod at its 
smaller end with the help of gudgeoned 
pin. Ganeshan, 2017; Mathur and Sharma, 
2010; Heywood, 2017, it consists of piston 
head, piston skirts and piston rings, and 
various components of the piston are 
shown in figure 1 [1, 2, 3]. Bhagat and 
Jibhakate (2012) the piston is generally 
made up of anodized aluminium alloys and 
alloy steels to withstand higher thermal 
load with light weight. Some literature has 
also been reviewed before doing research 
work on the piston of internal combustion 
engine described the distribution of 
friction stresses on four-stroke engine 
using FEA [4]. Finite element analyses 
were performed using computer-aided 
design (CAD) software. The main 
objective of this study was to analyse the 
distribution of the thermal stresses of the 
piston under the actual conditions of the 
engine during the combustion process. 
Jalaludin, et al (2013) said high thermal 
load without suitable heat transfer 
mechanism applies on the piston head if 
high temperature generates in a natural gas 
engine which causes inefficiently 
operation of the piston head, so they 
worked on different aluminium alloys 
piston materials to minimize the thermal 
stresses [5]. Singh et al (2014) found that 
the coefficient of friction increases with 
the surface roughness and that the thermal 
power of the piston increases with the 
thickness of the coating [6]. 
Viswabharathy et al (2014) carried out 
piston analyses under the boundary 
conditions which include the pressure on 
the piston head in the operating condition 
and an uneven temperature distribution 
between the piston head and the jacket [7]. 
They also worked on improving lean-fuel 
injection performance, combustion zone 
design and fuel efficiency weight 
reduction for engine. Mahajan and 
Deshmukh (2016) investigated the 
structural analyses of ceramic coated 
pistons subjected to thermal and 
mechanical stresses [8]. Thermal analyses 
performed on uncoated and ceramic coated 
flasks to check temperature variations 
using HyperMesh and ANSYS and the 
thermal stresses generated due to 
temperature differences in the different 
materials used for the coating also 
analysed. Junju et al (2012) found the 
stress and temperature distributions in the 
silicon nitride crown are high and it means 
the pressures and temperature distributions 
in the piston arranged by ceramic crown 
reduced by choosing the aluminium alloy 
[9]. Yonushonis (1997) worked on 
reducing the heat output from the 
cylinders, protecting against thermal 
fatigue from underlying metal surfaces and 
reducing diesel engine emissions [10]. 
They also said improvement in the plasma 
spraying processing capacity is required. 
Rajasekaran et al (2013) studied on the 
minimization of the heat emission to the 
environment, as Zirconia is a material 
which has low thermal conductivity so it 
reduces the heat losses from the cylinder to 
the environment [11]. They concluded this 
study as yields are increased and emissions 
are reduced due to various chemical 
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reactions which take place at high 
temperatures inside the cylinder. Barca et 
al (2015) proposed a method to reducing 
piston wear is the plasma deposition of an 
Al2O3 ceramic layer [12]. In this research 
work, two wheeler pistons have been 
chosen with the specifications as shown in 
fig 2. The optimization of the piston with 
actual dimensions has been done on 
CATIA V5R12 and ANSYS thermal 
analysis workbench software at different 
conditions. Temperatures and heat fluxes 
over the surface of the piston have been 
found for different piston materials; Al 
1100-O, Al 2024-T4 and Al 6061-T6, and 
the main aim of this analyses was to 
identify that material which has low 
temperature but highest heat flux.
   
 
Figure 1: Components of the piston.        Figure 2: Two wheeler piston with dimensions. 
 
METHODOLOGY FOR MODELLING 
AND SIMULATION 
First, the model of the piston has been 
made with the help of CATIA V5 R12 
software. In the initial stage, sketching tool 
bar has been used for selecting the tools 
like circle, line, polygon etc. to draw the 
two dimensional model of piston with 
standard dimensions which have been 
taken from previous literature and then the 
three dimensional modelling has been 
done. This sketch has been modelled from 
the sketcher workbench and after that the 
symmetrical sketch has been revolved 
around the axis to get the desired 3D 
model in the three dimensional modelling 
toolbar using the CATIA V5R12 software 
(Tickoo, 2010). Once the model is being 
imported to the ANSYS analysis 
workbench (Tickoo, 2013) then went for 
the study and static analyses of the 
engineering data, where for the first case 
the Al 1100-O material’s properties were 
given that is the thermal conductivity as 
60.5 W/m-K and also the isotropic thermal 
conductivity as 65 W/m-K at 21°C room 
temperature, then the geometry has been 
imported to the material workbench then 
finally went for the ANSYS design 
module [13,14]. These steps have also 
been followed for Al 2024-T4 and Al 
6061-T6 material and analyses have been 
done. Chemical compositions and 
mechanical properties of the different 
piston materials have been shown in table 
1.
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Table 1: Chemical compositions and mechanical properties of the piston materials. 
Compositions (%) 
Compositions for various piston materials 
Al 1100-O Al 2024-T4 Al 6061-T6 
Al 99 to 99.95 90.7 to 94.7 95.8 to 98.6 
Silicon (Si)  0 to 1.0 0- 0.5 0.4 to 0.8 
Iron (Fe) 0 to 1.0 0-0.5 0- 0.7 
Copper (Cu) 0.050 to 0.2 3.8 to 4.9 0.15 to 0.4 
Zinc (Zn) 0 to 0.1 0- 0.25 o- 0.25 
Manganese (Mn) 0 to 0.050 Nil 0- 0.15 
Chromium (Cr) Nil 0- 0.1 0.04 to 0.35 
Magnesium (Mg) Nil 1.1 to 1.8 0.8 to 1.2 
Residuals 0 to 0.15 0-0.15 0-0.15 
Sr. No. Mechanical properties 
Piston Materials 
Al 1100-O Al 2024-T4 Al 6061-T6 
1 
Young’s modulus of 
elasticity (GPa) 
68.90  73.15 68.90 
2 Poisson’s Ratio 0.33 0.33 0.33 
3 Density (g/m
3
) 2.710  2.78 2.700 
4 Shear modulus (GPa) 26  28 26 
5 
Thermal conductivity 
(W/mK) 
222.0 W/mk at 1540 
BTU 
121.0 Watt/ mk at 840 
BTU. 
167 W/mK at 1160 
BTU 
 
RESULT AND DISCUSSION 
After analysing the piston for three 
different materials namely Al 1100-O, 
Al 2024-T4 and Al 6061-T6 the results 
which have been obtained are presented 
in table 1. The outputs from this 
research work should be shown for the 
optimum condition are; the minimum 
value of temperature should be achieved 
(i.e. should be as low as possible) after 
providing maximum temperature at the 
piston surface as 441
o
C, and the 
maximum value of heat flux (i.e. the 
heat dissipated per unit surface area) 
should also be required to maximize the 
heat transfer/dissipation from the piston. 
Here it has been cleared the minimum 
temperature i.e. 239.29°C is achieved in 
case of AL 2024-T4 piston and slightly 
high in case of Al 6061-T6 piston i.e. 
276.06°C but it was maximum for Al 
1100-O i.e. 305.65°C. Secondly after 
analysing the heat dissipation values, 
the aluminium 2024-T4 i.e. 0.39753 
W/mm
2
 is dissipating heat 
comparatively smaller and can be 
suggest this piston material for 
moderate engines like in spark ignition 
engines. While in heavy duty engines 
where compression ratio is quite high as 
compared to SI engines, and thus 
temperature of the piston is high, in that 
conditions such material is required 
which should dissipate comparatively 
larger amount of heat i.e. 0.47726 
W/mm
2
 and for that purpose aluminium 
1100-O  must choose against the 
remaining two materials. Figures 3-8 
represent temperature and heat flux 
variations for the materials as Al 1100-
O, Al 2024-T4 and Al 6061-T6 
respectively.
 
Table 2: Temperature and heat flux for different piston materials. 
Sl. No. Data Obtained 
Various Piston Materials 
AL 1100-O AL 2024-T4 Al 6061-T6 
1 Temperature (Minimum in 
o
C) 305.65 239.29 276.06 
2 Heat  Flux (Maximum W/mm
2
) 0.47726 0.39753 0.44197 
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Figure 3: Temperature distribution in Al 1100-O as piston material. 
 
 
Figure 4: Heat flux in Al 1100-O as piston material. 
 
 
Figure 5: Temperature distribution in Al 2024-T4 as piston material. 
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Figure 6: Heat flux in Al 2024-T4 as piston material. 
 
 
Figure 7: Temperature distribution in Al 6061-T6 as piston material. 
 
 
Figure 8: Heat flux of Al 6061-T6 as piston material. 
 
Temperature and heat flux distributions for 
Al 1100-O as piston material have been 
exposed in figures 3-4 as; 441, 425.96, 
410.92, 395.88, 380.84, 365.8, 350.76, 
335.72, 320.68 and 305.65°C, and 0.477, 
0.424, 0.371, 0.318, 0.265, 0.212, 0.159, 
0.106, 0.063 W/mm
2
 from the top to the 
bottom surface of the piston respectively. 
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Similarly, temperature and heat flux 
distributions for Al 2024-T4 as piston 
material have also been shown in figures 
5-6 as; 441, 418.59, 396.18, 373.76, 
351.35, 328.94, 306.53, 284.12, 261.71 
and 239.29°C, and 0.397, 0.353, 0.309, 
0.265, 0.221, 0.177, 0.133, 0.089 and 
0.044 W/mm
2
, and for Al 6061-T6 as 
piston material revealed in figures 7-8 as; 
441, 422.67, 404.35, 386.02, 367.69, 
349.37, 331.04, 312.71, 294.38 and 
276.06°C, and 0.441, 0.392, 0.343, 0.294, 
0.245, 0.196, 0.147, 0.098 and 0.049 
W/mm
2
 from the top to the bottom surface 
of the piston respectively.  
 
CONCLUSION 
Thermal analyses (temperatures and heat 
fluxes) over the surface of the piston have 
been done for different piston materials 
through CATIA V5R12 and ANSYS 
software, and from the analyses following 
conclusions can be drawn; The Al 2024-
T4 provides the least temperature and 
hence it is good for medium or moderate 
engines. Once again in case of heat flux 
also it is clearly see that the heat dissipated 
per unit surface area is maximum in case 
of Al 1100-O and slightly less in case of 
aluminium 6061-T6. So these materials 
can be used for heavy duty engines. After 
studying the obtained results, the 
sequences of heat dissipations for the three 
materials are Al 1100-O, Al 6061-T6 and 
Al 2024-T4 in increasing order 
respectively. ANSYS analysis software 
provides a good graphical presentation in 
the form of rainbow colours to understand 
and analysis the view in better way and it 
is clearly seen in all the three cases that the 
top surface is shown with the red zone 
indicating the maximum value of 
temperature. The ANSYS steady state 
thermal analysis with providing the 
solution for different time increments can 
be used for investigation of any type of 
thermal problem associated with piston. 
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